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Abstract Bio-logging is becoming increasingly popular
amongst wildlife researchers, providing a remote way of mon-
itoring free-ranging animals in their natural habitats. However,
capturing and tagging can be stressful and may alter animal
behaviour. In this study, we investigated whether tagging al-
tered activity and movement patterns of Eurasian beavers
(Castor fiber) during the first week after release, predicting
that beavers would be less active, travel shorter distances and
stay closer to the lodge in the first nights after the tagging
event. We captured 29 dominant free-ranging beavers (12 fe-
males, 17 males) in Telemark county, Norway, and tagged
them with GPS units (n = 23; 12 males, 11 females) and tri-
axial acceleration data loggers (n = 14; 9 males, 5 females).
Accelerometer data was used to investigate activity levels
(using mean overall dynamic body acceleration ODBA and
principal activity periods), while GPS data was used to deter-
mine movement patterns (using distance moved and lodge
displacement rate). Tagging effects were apparent only in ac-
tivity levels of beavers, where we found lower mean ODBA
values after release although the small effect size (Cohen’s d =
0.17) indicates only a minimal difference in activity. Neither
principal activity periods nor distances moved or lodge dis-
placement rate changed within the first week after release,
which indicates that beavers were active and post-release
space use within the territory was not affected by the tagging
event in this respect.
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Introduction
The tagging of wild animals with miniaturized electronic de-
vices has proved pivotal to many wildlife studies and has now
become a commonplace within the field of animal ecology
(Cagnacci et al. 2010; Rutz and Hays 2009). In particular,
bio-logging technology, which specifically deals with logging
sensor-derived parameters from animal-attached tags, now in-
cludes systems such as implants, anchors, glue-on tags and
collar or harness-mounted units (i.e. Cooke et al. 2011; Kays
et al. 2015). These tags can be equipped with a suite of sensors
related to animal state, such as heart beat frequency and/or
body temperature (Butler et al. 2004; Evans et al. 2016;
Friebe et al. 2014), but may also document movement patterns
(Rhodes et al. 2005; Zimmermann et al. 2007), general activ-
ity, behaviour and proxies for energy expenditure (Shepard
et al. 2008; Wilson et al. 2006). Such tags can be used under
challenging environmental conditions, including aquatic
(Gleiss et al. 2011; Thorrold et al. 2014) and terrestrial habitats
(Steyaert et al. 2014; Williams et al. 2014), as well as on
species that spend a considerable amount of their time in air
(Nathan et al. 2012; Spiegel et al. 2015). The general premise
is that such tags allow free-living animals to be studied with
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only minor disturbance (Boyd et al. 2004; Ropert-Coudert and
Wilson 2005) and minimal observer effects (Cagnacci et al.
2010) while delivering insights into animal behaviour and
ecology (Shillinger et al. 2012; Weimerskirch 2007) with po-
tential implications for conservation and management actions
(Schofield et al. 2007; Wilson et al. 2015).
Increased focus on miniaturization has led to reduced size
and weight of bio-loggers, extending the application range to
even smaller animals (i.e. Kissling et al. 2014; O’Mara et al.
2014) and reduced perceived impact on tagged animals in
general (Golabek et al. 2008; Ropert-Coudert et al. 2009).
Yet, the capture and tagging procedure can be stressful for
the animal (Fletcher and Boonstra 2006; Lapointe et al.
2015) and trigger physical and psychological effects, which
can alter the animals’ behaviour (Saraux et al. 2011; Wilson
2011). Until recently, many researchers have considered such
effects to be negligible (Wilson andMcMahon 2006) with, for
example, a review on radio transmitter studies by Godfrey and
Bryant (2003) reporting that, of 836 published papers, 83.3 %
ignored the impact of marking with tracking devices on their
study species. Fortunately, since the early 2000s, awareness of
capture and tagging-related effects on animals has grown with
researchers using various approaches to tackle potential prob-
lems (McMahon et al. 2011; Vandenabeele et al. 2015; White
et al. 2013). While some studies found no evidence for such
effects (McMahon et al. 2008; Ropert-Coudert et al. 2009),
others showed tagging-related impacts ranging from physio-
logical effects, such as changes in cortisol levels (Cattet et al.
2014) or capture myopathy (Höfle et al. 2004; Ponjoan et al.
2008), to behavioural effects including changes in movement
and space use (Morellet et al. 2009; Rachlow et al. 2014) or
generally reduced activity (Broell et al. 2016; Dennis and
Shah 2012). Tagging effects may accumulate over time and
can have detrimental influence on life history parameters such
as reproductive success or survival rate (Barron et al. 2010;
Blanchet et al. 2014; Casas et al. 2015), or may only be short-
termed and diminish over time (Dennis and Shah 2012;
Morellet et al. 2009).
Awareness of tagging-induced effects is not only important
for the sake of animal welfare but should also be considered to
prevent biased research results (Dechen Quinn et al. 2012;
Ropert-Coudert and Wilson 2005). In particular, determina-
tion of effects which occur immediately after releasing the
animal is important for researchers working with relatively
short-term datasets. Such tagging effects can be assessed via
direct observations of tagged individuals (Gendron et al.
2014) and/or a control group (Authier et al. 2013; Ropert-
Coudert et al. 2007), by measuring physiological parameters
such as blood sampling (Montané et al. 2002; St. Aubin et al.
2013) or by using the logged data itself (Broell et al. 2016;
Rachlow et al. 2014). A particular value of bio-logged data for
examining tagging effects is that it is effectively seamless and
has high temporal resolution.
In this study, we investigated the short-term effects of cap-
ture, handling and tagging (hereafter Btagging^) on a semi-
aquatic, nocturnal rodent, the Eurasian beaver (Castor fiber).
Both beaver species (C. fiber and the North American beaver
Castor canadensis) are socially monogamous and live in col-
onies consisting of a dominant pair and their non-dominant
offspring including kits, yearlings and individuals of 2 years
or older (Campbell et al. 2005; Novak 1987). They are highly
territorial and deposit scent mounds at territory boarders in
order to advertise occupation (Rosell et al. 1998; Schulte
1998; Sun and Müller-Schwarze 1999). Beavers are herbi-
vores with a preference for softwood such as poplars
(Populus sp.) and willows (Salix sp.), terrestrial herbs and
forbs, ferns and aquatic vegetation (Bergman and Bump
2015; Haarberg and Rosell 2006; Wilsson 1971). As central-
place foragers, they typically return to the shoreline to con-
sume their food (Haarberg and Rosell 2006; Jenkins 1980).
The beaver’s principal activity period (time the animals start/
end their activity) is approximately from 07:00 pm to 07:00
am (Sharpe and Rosell 2003). This nocturnal activity means
that beavers cannot easily be observed and makes them ideal
candidates for logging technology.
By examining acceleration and GPS data, we aimed to
determine acute tagging effects on Eurasian beaver activity
and movement patterns during the first week after the tagging
event. Two studies have reported such effects for Eurasian
beavers who were implanted with intraperitoneal radio trans-
mitters and found that the animals spent more time inside their
lodges within the first few days after release (Ranheim et al.
2004; Sharpe and Rosell 2003, respectively). However, post-
release differences in movement and/or activity patterns were
not investigated in detail in these studies, nor did the authors
report the significance of their findings. We hypothesized that
beavers would alter their activity and movement patterns in
response to the tagging procedure. We predicted that beavers
show reduced activity both in terms of body movement-based
activity level (measured as mean overall dynamic body accel-
eration, ODBA) and principal activity period, travel shorter
distances and stay closer to the lodge in the first nights after
tagging. Finally, we predicted that such effects would decrease
during the observed period, due to habituation and recovery.
Methods
Study area and animals
The data for the study was collected between 2009 and 2014
in Telemark County, southeastern Norway (59°23′ N, 09°09′
E). The study site consists of the rivers Gvarv, Straumen and
Sauar, all three rivers empty into Lake Norsjø. The rivers flow
through a landscape dominated by semi-agricultural and ripar-
ian woodland structures; the latter are formed by species such
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as grey alder (Alnus incana), willow (Salix spp.), bird cherry
(Prunus padus) and birch (Betula spp.) (Haarberg and Rosell
2006). Eurasian beavers have inhabited the area since the
1920s (Olstad 1937) and the population has been at carrying
capacity for the last 10 years (Campbell et al. 2005; Steyaert
et al. 2015). Beavers in the study area are monitored every
year between March and November as part of a long-term
capture-mark-recapture study (since 1998) for individual
identification (micro-chip and ear-tags) and data acquisition
(i.e. Campbell et al. 2013; Cross et al. 2014; Tinnesand et al.
2013). Since 1999, beavers have also been tagged with track-
ing devices such as VHF transmitters (Herr and Rosell 2004;
Ranheim et al. 2004), GPS systems (Steyaert et al. 2015) and
tri-axial accelerometers (Graf et al. 2015). Consequently, in-
formation on age, sex, social status (dominant, subordinate;
see Campbell et al. 2012 for details), territory sizes, group
sizes, reproduction and morphometric parameters (e.g.
weight, body size, tail length and thickness) was available
for beavers in the study area (Campbell et al. 2012, 2013).
Tagging procedure
Dominant Eurasian beavers were captured during the night
(between 7:00 pm and 7:00 am) with a landing net from a boat
(Rosell and Hovde 2001). For handling, the animals were
transferred into a cloth bag, thereby dispensing with the need
for anaesthesia (Fig. 1).We attached tags consisting of a VHF-
transmitter (18 × 35 mm, 10 g; Reptile glue-on series R1910;
Advanced Telemetry Systems, Isanti, MN, USA) in combina-
tion with an archival tri-axial accelerometer (15 × 90 mm,
62 g; JUV Elektronik, Schleswig-Hollstein, GER), or a re-
chargeable, archival μGPS unit (50 × 70 mm, 24 g; model
G1G 134A; Sirtrack, Havelock North, NZ), or both units
(Fig. 1). The units were connected with wire, integrated in
4.5 mm half-mesh net covering (Mørenot Fishery AS, Møre
og Romsdal, NO) and fixed on the lower back, exactly 15 cm
above the scaly tail along the spine using two-component
epoxy resin (Fig. 1). The complete attachment, including all
units, had a size of 130 × 90 mm and weighted approx. 250 g,
which accounts for 1.3 % of the body weight of the lightest
beaver (19 kg) used in the study. Additionally, we took mea-
surements (body length, tail length and width) and samples
(hair, castoreum and anal gland secretion) from the captured
animals, resulting in an average handling time of 44 ± 25 min.
Beavers were then released at the trapping site within in their
own territory. GPS systems were programmed to take a posi-
tion every 15 min from 7:00 pm to 7:00 am to cover the
beavers’ principle active period (Sharpe and Rosell 2003).
Acceleration data (22 bit resolution) was recorded 24 h a
day at a frequency of 8 Hz. After 2–3 weeks, beavers were
located and re-captured via VHF-telemetry and the tags were
cut out of the fur with a scalpel (Fig. 1). This procedure only
affected the guard hairs, with the under-fur remaining unaf-
fected (Graf et al. 2015).
Ethical statement
The study, including all handling and tagging procedures (for
details see above), was approved by the Norwegian
Experimental Animal Board (FOTS id 742, 2170, 2579,
4387, 6282) and the Norwegian Directorate for Nature
Management (archive code 444.5, 446.15/3), which also
granted permission to conduct fieldwork in our study area.
The patch of clipped guard hair grew backwithin 3 to 4months.
Data analysis
All data analyses were performed with R version 3.0.3 (R
Development Core Team 2013). Accelerometer and GPS data
were analysed separately, as we only had combined acceler-
ometer and GPS data for five individuals (Table 1). We used
the xts package version 0.9-7 (Ryan and Ulrich 2014) for the
accelerometer data and the adehabitatLT package (Calenge
2006) for the GPS data. The accelerometer dataset was cut
to time periods between 7:00 pm and 7:00 am (to coincide
with previously reported principal activity period for beavers)
and shortened to seven nights per individual for standardiza-
tion. Accelerometer data was used to derive two activity re-
sponse variables: ‘mean overall dynamic body acceleration’
Fig. 1 Tagging procedure and retrieval of tags for Eurasian beavers
(C. fiber) in southeastern Norway (2009–2014). Beavers were handled
and tagged in cloth bags without the use of anaesthesia. a A GPS unit is
glued onto the fur of the lower back (15 cm on top of the scaly tail) using
two-component epoxy resin. b By using VHF-telemetry, a beaver tagged
both with an accelerometer and a GPS unit has been recaptured. c The tag
is cut out of the guard hair with a scalpel, leaving the under-fur intact. d
The tag is retrieved
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(ODBA, in units of gravity g) and ‘principal activity periods’
(in minutes). Mean ODBA at 8 Hz was calculated by sum-
ming up the dynamic acceleration logged in all three axes
(Wilson et al. 2006) and averaged over 15 min to investigate
movement-based activity levels for each individual. The bea-
vers’ principal activity periods were determined visually by
identifying movement patterns indicating when the beavers
left their lodges (indicated by the first dive in the evening)
and returned to the lodges again (the last dive in the morning
followed by a grooming session; for information on behav-
ioural identification using accelerometry, see Graf et al.
(2015)). The first night was excluded from this analysis since
we captured beavers that night and thus did not have a full
principal activity period.
Table 1 Meta-data of 29
dominant Eurasian beavers
(C. fiber) and tagging devices
used in this study in
Telemark, southeastern
Norway (2009–2014)
Beaver Taga Territoryb Sexc Nnight
d Seasone Yearf Npos
g Ncapt
h
Chris ACC L5b M 6 S (Apr) 2009 ACC only 22
Demi ACC E F 8 A (Oct) 2009 ACC only 2
Easy ACC L5a M 7 S (Apr) 2009 ACC only 19
Frode ACC L2b M 7 S (May) 2009 ACC only 10
Jan-Marc ACC P0 M 17 A (Oct) 2011 ACC only 5
Kathrin ACC H F 13 A (Sept) 2011 ACC only 2
Klumpen ACC GM M 8 A (Oct) 2009 ACC only 6
Lasse ACC L2 M 7 S (May) 2009 ACC only 6
Oddi ACC H M 7 A (Oct) 2009 ACC only 4
Apple GPS P2a F 17 A (Oct) 2013 147 1
Åse GPS P5 F 11 S (Apr) 2014 134 1
Christina GPS P3a F 19 A (Aug) 2010 105 3
Hanne-
Synnove
GPS P0 F 11 A (Aug) 2010 96 5
Hazel GPS G F 23 S (Apr) 2010 122 5
Horst GPS P4 M 7 A (Oct) 2010 107 2
Jan-Marc GPS P0 M 17 A (Aug) 2014 109 7
Jodie GPS N1 F 12 S (Apr) 2012 122 12
Kjartan GPS LP M 9 A (Aug) 2010 105 2
Klumpen GPS GM M 12 S (Apr) 2014 126 8
Lasse GPS L2 M 10 S (May) 2011 121 6
Loran GPS L4a M 11 A (Sept) 2009 135 15
Malena GPS L4a F 9 S (May) 2014 108 2
Manuel GPS P1 M 9 A (Sept) 2013 121 1
Moritz GPS B2 M 7 A (Aug) 2010 99 3
Moses GPS P2b M 15 A (Aug) 2010 77 7
Paddy GPS GL M 12 S (Apr) 2012 142 3
Thomas GPS P4 M 9 S (Apr) 2014 128 1
Andreas GPS+ACC B1 M 8 (G), 19 (A) S (Apr) 2010 123 8
Erlend GPS+ACC P3b M 13 (G), 15 (A) S (Apr) 2010 141 6
Ida GPS+ACC LP F 14 (G), 19 (A) A (Sept) 2010 147 6
Leslie GPS+ACC B1 F 18 (G), 9 (A) S (Apr) 2010 151 8
Maud GPS+ACC L6a F 11 (G), 9 (A) A (Nov) 2009 126 1
a Tag, GPS or ACC (accelerometer) or both
b Territory, territory identifier
c Sex (M = male, F = female)
dNnight, number of nights in original dataset
e Season (S = spring: April–May, A = autumn: August–November)
f Year, year of monitoring
gNpos, number of valid GPS positions per individual for seven nights
h Ncapt, number of times the animals have been captured before
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We also standardized the GPS dataset for all individuals to
seven nights. For improving spatial accuracy, we cleaned the
raw GPS data by removing all fixes with horizontal dilution of
precision (HDOP) values ≥5 or with only two dimensions
(2D) (Lewis et al. 2007). Further, the GPS fix rate was raised
from 15 to 30 min to increase the amount of consecutive GPS
fixes (necessary for calculating distances) and to reduce the
number of missing values. The final dataset used for analyses
had an overall fix rate performance (potential GPS fixes vs.
actual GPS fixes of cleaned dataset) of 75 %. Based on the
GPS data, we created two movement response variables: ‘dis-
tance moved’ (m)—the distance between two consecutive
GPS fixes in 30-min intervals—and ‘lodge displacement rate
(LDR)’—the distance (m) of each GPS position (taken every
30 min) to the individual’s main lodge. For calculating dis-
placement rates from lodges, we identified active lodges with-
in each territory by visually screening the GPS positions in
ArcMap10 (ESRI, Redlands, CA, USA), in particular the first
and last positions for each night (the time of emerging and
returning to the lodge). A map containing both active and old
lodges which were used by beavers over the years was then
used to localize the coordinates for the relevant main lodges.
We created linear mixed-effects (LME) models using the
nlme package (Pinheiro et al. 2016) including the time-
variable ‘minutes after release’ as the main predictor for ‘mean
ODBA’, ‘distance moved’ and ‘LDR’, and the main predictor
‘night’ for ‘principal activity period’ (since we just had one
data point per night). In all models, we used the covariates
‘season’ (spring: April–May, autumn: August–November),
‘sex’, ‘total number of times captured before’ (typically be-
tween 0 and three times within a year; F. Rosell, unpublished
results; total ~x = 5.0, IQR = 2–7) and ‘tag load’ (1 = either
GPS or accelerometer, a lighter and smaller tag, 2 = both
GPS and accelerometer, a heavier and larger tag). In addition,
we included ‘territory size’ (calculated as bank length, x ¼
3650.8 ± 1524.6 m) as a covariate in analyses based on GPS
data. For the response variables ‘mean ODBA’, ‘distance
moved’ and ‘LDR’, we included ‘individual’ nested within
‘year’ as random effect. For the response variable ‘principal
activity period’, we only included ‘individual’ as random ef-
fect, due to the smaller sample size. However, mean principal
activity periods were similar between years (Kruskal-Wallis
test, χ2 = 5.534, df = 2, p = 0.063).
The three response variables ‘mean ODBA’, ‘distance
moved’ and ‘LDR’ were log-transformed to meet the LME
model’s assumptions for normally distributed residuals. When
necessary, we also accounted for non-independence of errors
due to temporal autocorrelation of the response variables by
adding a first-order autoregressive term (corAR1) to our
models (Pollitt et al. 2012; Zuur et al. 2009). No collinearity
between independent variables were detected (r < 0.6 in all
cases) and variance inflation factors (vif) for all models were
<3 (see Zuur et al. 2010).We used a backwardmodel selection
procedure and selected the most parsimoniousmodel based on
the Akaike information criterion corrected for small sample
sizes (AICc) and AICc differences (ΔAICc) (Burnham et al.
2010; Wagenmakers and Farrell 2004). We selected the final
models from a subset of top models with strong levels of
empirical support (ΔAICc = 0–2) (Anderson 2008). Model
parameters that included zero within their 95 % confidence
interval (CI) were considered as uninformative (Arnold 2010).
Cohen’s d scores (Cohen 1988), β estimates and coefficients
of determination (R2) were used as a measure of effect size
(Nakagawa and Cuthill 2007). Bootstrapped CIs for tagging-
related informative responses were reported using the bootES
package (Kirby and Gerlanc 2013).
Results
We analysed data from 29 individual dominant beavers (12
females, 17 males), 3 of these beavers were captured a second
time (Table 1). As the period of time between subsequent
captures was at least 2 years (2, 3 and 5 years) and a different
tag type (GPS vs. accelerometer) was deployed on the second
capture, we included both datasets in our analysis. The accel-
erometer dataset consisted of 14 beavers (5 females, 9 males)
and GPS dataset of 23 beavers (11 females, 12 males); five
individuals were represented in both datasets as they were
tagged with a combination of GPS unit and accelerometer
(Table 1). Accelerometer data was collected in 11 different
territories and included in total 7–19 nights; GPS data was
collected in 15 different territories and included 7–23 nights
per individual (Table 1). We analysed only six nights of accel-
eration data for one beaver (Chris, Table 1), since the unit ran
out of battery. For the same reason, analyses of principal ac-
tivity period for the last night (night 8; analyses started on
night 2) included acceleration data for only 8 out of 14 indi-
viduals. For four individuals, we got only one GPS location in
the first night (indicating that the beavers went into their
lodges) and could thus calculate distances moved only for
nights 2–7. We removed one individual (Loran, Table 1) from
our LDR analysis since we were unable to identify the main
lodge and calculate corresponding displacement rates (he used
two lodges at distances that could be covered within the sam-
pling interval of the GPS units). As the first night after release
was shorter than the following six nights, we also ran all
models without night 1, but found that the results were un-
changed for all response variables. Initially, we also included
the predictor ‘handling time’ in all models; however, since
there were several missing values, this lowered sample sizes
considerably (GPS data: n = 12, acceleration data: n = 11). As
handling time was uninformative, and in order to maintain the
original sample size, we did not include this predictor in the
final models. The predictors included in the most parsimoni-
ous models for the four response variables are presented in
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Table 2 (for full model selection, see Additional Tables S1–S4
given in Online Resource 1); informative predictors and ac-
cording model outcomes are shown in Table 3.
Mean ODBA
The grand median for mean ODBA values for seven nights
was 0.15 gwith an IQR of 0.13–0.19 g. Mean ODBAwas best
explained by the main predictor ‘minutes after release’
(Table 2), with beavers showing a lower activity level after
release (Table 3, Fig. 2). The standardized effect size (Cohen’s
d) for differences in mean ODBA values in the first and the
seventh night was 0.17 (LL = 0.04, UL = 0.30). This small
effect size (Cohen 1988), in combination with the low power
of the other model effect statistics β and R2 (Table 3), suggests
only a minimal difference in activity level within the first
week after release. Plotting mean ODBAvalues over time also
revealed a periodicity in the activity level, with lower activity
levels at the beginning and at the end of the night (Fig. 2).
Principal activity period
Mean principal activity period in the first week was 10.95 ±
1.19 h. Beavers started their principal activity periods on aver-
age at 20:19 h ± 58 min in the evening and went back into their
lodges in the morning on average at 07:16 h ± 57 min. The best
model included the main predictor ‘night’ and the covariates
‘season’, ‘tag load’, ‘number of times captured before’ and
‘sex’ (Table 2). By investigating the CI’s for the dependent
variables, we found only season to be informative, with beavers
being active for shorter periods in spring (Table 3).
Distance moved
Median distance moved in 30 min was 158.52 m for the seven
nights with an IQR of 56.63–316.70 m. Distance moved was
best explained by territory size (Table 2), with beavers in
larger territories covering greater distances (Table 3).
Lodge displacement rate (LDR)
Median LDR for the seven nights was 359.56 m with an IQR
of 179.69–634.36 m. LDR was best explained by season
(Table 2); however, CI’s for β estimates incorporated 0 (β =
0.18, LL = −0.09, UL = 0.45) and we thus considered season
as an uninformative variable.
Discussion
Short-term tagging effects on Eurasian beavers included only
changes in their activity level, with beavers having a lower
mean ODBA after release. However, the small effect size for
mean ODBA calls the practical relevance of this finding into
question (Sullivan and Feinn 2012). Four individuals went
back into their lodges after release and stayed there until the
next day (night 2). This finding indicates that individual bea-
vers may alter their behaviour in response to the tagging event
in the capture night. Contrary to our predictions, principal
activity periods, distances moved and LDR were not altered
by the tagging event. In a study on North American beavers,
Smith et al. (2016) found no effects of transmitters (both tail-
tags and implants) on the animals’ short- and long-term sur-
vival (monthly and annual over 8 years) when compared to
ear-tagged beavers only. While body condition was similar for
the two groups, beavers with transmitters had higher winter
weight loss, which could have been trigged by tail-tagging
and transmitters tearing out of the tail, respectively, since the
beaver tail serves as a fat storage depot (Aleksiuk 1970). Non-
tagging related, but informative effects included longer prin-
cipal activity periods in autumn and greater distances covered
by beavers living in larger territories. The latter result is intu-
itive and accords with Graf et al. (2016), who showed that
beavers exhibit different movement strategies in relation to
territory sizes and describe the same relationship for a differ-
ent subset of beavers from the same study area. In contrast to
two studies that found no seasonal differences in principal
Table 2 Most parsimonious
models based on Akaike’s
information criterion corrected for
small sample sizes (AICc) for the
four response variables for
29 dominant Eurasian
beavers (C. fiber) in
Telemark, southeastern
Norway (2009–2014)
Response variable Most parsimonious model AICc
a wi
b Kc
Mean ODBA MIN −1039.89 0.76 6
Principal activity period NIGHT + SEASON + TAG_LD + TIMES_CAPT +
SEX
906.04 0.96 9
Distance moved TERR_SIZE 7746.97 1 4
Lodge displacement
rate
SEASON 6627.08 1 6
MIN minutes after release, TAG_LD tag load, TIMES_CAPT times captured before, TERR_SIZE territory size
measured as bank length (m)
a Akaike information criterion adjusted for small sample sizes
b Akaike weight
c Number of parameters
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activity periods (Sharpe and Rosell 2003; Swinnen et al.
2015), we suggest that longer principal activity periods in
autumn could be coupled with winter preparations such as
food-caching behaviour (Busher 1996; Hartman and
Axelsson 2004) and lodge repair work (Żurowski 1992).
Reduced activity level (mean ODBA)
We found a time-dependent increase in beaver activity (man-
ifest by mean ODBA) after the tagging event. However, the
small effect size (d = 0.17) likely equates to a small difference
in terms of activity and thus implies only minor biological
relevance. Besides these effect size issues, a more vigilant
and cautious behaviour after release may be responsible for
the observed lower mean ODBA levels. In their study on anti-
predator behaviour of North American beavers, Basey and
Jenkins (1995) showed that the animals would stop periodi-
cally between their activities and appeared to look and smell
for predators in risky situations (e.g. when presented with
predator odour). In agreement with this observation, both
Rosell and Czech (2000) and Rosell and Sanda (2006) found
a reduced foraging and scent marking behaviour in beavers
when confronted with a predator odour.
Periodic oscillations in activity levels of our study an-
imals suggest that beavers seem to follow a similar activ-
ity pattern each night, with peaks during the mid-part of
the beavers’ principal activity periods. Similar oscillations
in activity levels were found in all study animals during
the seven nights. Higher mean ODBA levels in the middle
of the night suggest that this is the peak activity time for
beavers. The mean ODBA value for standing (or being
inactive) is 0.06 g (σ = 0.02 g) (Graf et al. 2015) and none
of our mean ODBA values was below 0.1 g, which sug-
gests that the animals were active during all seven nights
after the tagging event.
No short-term effects on principal activity period,
distances moved and LDR
We found no evidence for short-term tagging effects on prin-
cipal activity periods, distances moved and LDR. This con-
trasts a study by Ranheim et al. (2004), who implanted radio
transmitters in 22 adult beavers from the same study area and
found that beavers spent more time inside their lodges within
the first few days after release. Similarly, Sharpe and Rosell
(2003), who worked with a subset of 12 adult beavers with
implanted radio transmitters, report that beavers spent more
time inside their lodges in the first two days post-release.
Table 3 Model outcomes for
the three response variables
with informative predictors
for 29 dominant Eurasian
beavers (C. fiber) in
Telemark, southeastern
Norway (2009–2014)
Response variable Informative model
term
βa σb LLc ULd R2e
Mean ODBAf Minutes after
release
2.15e−05 4.20e−06 1.33e−05 2.98e−05 0.29
Principal activity
period
Season spring −100.464 42.815 −197.318 −3.610 0.58
Distance movedf Territory size 7.85e−05 3.61e−05 2.01e−06 1.55e−04 0.08
a Estimated regression coefficient
b Standard error,
c Lower 95 % confidence levels around the estimated coefficient (β ± 1.96 × σ)
d Upper 95 % confidence levels around the estimated coefficient (β ± 1.96 × σ)
e Coefficient of determination
f Log-transformed model outcomes
Fig. 2 Linear relationship (regression line and 95 % confidence interval)
between mean ODBA andminutes after release for 14 dominant Eurasian
beavers (C. fiber) in Telemark, southeastern Norway (2009–2014). The
axis on top of the graph shows the different nights after release; overlap
results from the different capture times in the first night. Each point
represents the overall mean (±SE) over individual mean ODBA values
measured every 15 min after the tagging event. Periodic oscillations of
ODBA means for each night suggest similar activity patterns of all
individuals, with an activity peak in the middle of their active period
(∼7 pm to 7 am)
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However, capture effects were not the main focus of these
studies and were thus just reported anecdotal. In addition,
both Ranheim et al. (2004) and Sharpe and Rosell (2003) used
anaesthesia and surgery (in the latter study in 10 out of 12
beavers), which is likely to have a greater impact than our
quick, non-invasive tagging-method. An advantage of our
net-capture method from the boat (Rosell and Hovde 2001)
is that there is only a short time lag between the capture and
handling event, which substantially reduces the overall time
used for the handling and tagging procedure. Certainly, short-
ened handling periods appear to help mitigate stress (e.g.
Bosson et al. 2012; Ponjoan et al. 2008). Even though some
studies claim that using chemical immobilization reduces cap-
ture and handling stress (Montané et al. 2002; Read et al.
2000), we argue that not using anaesthesia can be an advan-
tage: Our procedure meant that beavers were released imme-
diately back into their familiar surroundings (including lodges
and burrows for refuge) without adverse affects from anaes-
thesia and/or surgery. Tagged beavers were quite often ob-
served swimming or foraging shortly after release (F. Rosell,
personal communication), which confirms our assumption.
Territoriality against all odds
We found no effect of the tagging procedure on the beavers’
spatial movement within their territories and suggest that
principal activity periods and movement patterns of
territorial animals may be constrained by the need for
territorial defence. Kukalová et al. (2013) found that edible
dormice (Glis glis) switched their den site after being handled,
but returned on average after 4 days. The authors suggest that
the level of territoriality may play a role in a species’ response
to handling and tagging with animals returning to the same
place because of a defended resource in the area. Similarly,
daily patrolling and scent marking is an important constituent
of the beaver’s nightly routine (Rosell et al. 1998), particularly
for the dominant individuals as they are the main contributors
of territory defence (Rosell and Thomsen 2006). In beaver
populations at carrying capacity, such as in our study area
(Campbell et al. 2005; Steyaert et al. 2015), the risks of intru-
sion following insufficient territory maintenance might be
high (Steyaert et al. 2015). Due to this, there is likely strong
selection pressure for beavers to resume their nightly routines
even shortly after the tagging event.
The effect of habituation
The number of times a beaver had been captured before did
not affect movement and activity within the first week after
tagging. Beavers in our study area are typically captured and
handled for the first time when they are still kits and all ani-
mals in this study have been captured at least once before. It
has been shown that a single exposure to a stressor can induce
long-term changes in neuroendocrine and behavioural stress
responses (Armario et al. 2008). Lynn et al. (2010) measured
plasma corticosterone levels in free-living Eastern bluebirds
(Sialia sialis) and found a reduced stress response 7 weeks
after a single first exposure to capture and handling.
However, most studies on this topic have been conducted in
captivity and havemeasured subsequent stress responses with-
in just a few days or weeks (for review, see Wiedenmayer
2004). Other studies have found no such effects and argue that
habituation needs repeated handling at relatively short intervals
(several times per week) (Hämäläinen et al. 2014). In addition,
the interval between two subsequent captures for individual
beavers in this study can range up to several years and it is
not clear whether beavers possess a long-term memory that
can relate to past events in this order. Consequently, for deter-
mining whether habituation in beavers can occur after just
a single exposure to a stressor and last over extended time
periods, further research on neuroendocrine stress re-
sponses is needed.
Drag
A major issue invoked by researchers working with external
tags on aquatic animals is that of drag (e.g. Bannasch et al.
1994; Culik et al. 1994; Jones et al. 2011), which is not ex-
pected to change over wearing time since it is a purely phys-
ical constraint. The power required to overcome drag (P) is
given by P = 0.5 A Cd v3 ρ, where A is the cross-sectional area
of the animal, Cd is the drag coefficient, ρ is the density of the
fluid medium and v is the velocity. Thus, although our at-
tached device would increase the drag by increasing the
cross-sectional area marginally, it is the swim speed that is
going to be a prime modulator of increased energy expendi-
ture (Vandenabeele et al. 2015). Importantly, work by
Vandenabeele et al. (2015) showed that up to speeds of
1.5 m/s, the energy consumption of a tag-fitted great cormo-
rant Phalacrocorax carbo was unlikely to differ much from
the untagged conspecific, but that differences between them
accelerated quickly thereafter. Thus, since beavers generally
swim between 0.8 m/s on the surface (Nolet and Rosell 1994)
and 0.6 m/s when submerged (Allers and Culik 1997), we
would not expect drag-based power to compromise the ani-
mals greatly. This does not, however, apply to fast swimming
manoeuvres, such as during escape responses (e.g. tail-slap
dives; see Hodgdon and Larson 1973; Wilsson 1971), and this
warrants further consideration.
Future perspectives
Ideally, tagging effects should be analysed by combining both
behavioural and physiological data (e.g. blood parameters
and/or faeces; Bosson et al. 2012; Harcourt et al. 2010;
Rehnus et al. 2009; Sheriff et al. 2011). Indeed, capture effects
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might only be physiological (Kock et al. 1987; Meyer et al.
2008) and do not necessarily imply visible behavioural chang-
es. Likely, these effects do not lead to a bias of results in be-
havioural studies, but do still have implications regarding ani-
mal welfare. Moreover, a period of 7 days might be too short to
detect alterations in behavioural patterns, and perhaps may not
cover the whole habituation period. The technical constraints
we experienced in our study, which were mainly related to
battery life and the size of the unit, meant we were not able to
investigate longer time periods for all individuals. Other studies
have described habituation periods to last for 4 days in the
common brushtail possum (Trichosurus vulpecula) (Dennis
and Shah 2012), 10 days in European roe deer (Capreolus
capreolus) (Morellet et al. 2009), or even 2 and up to 4 weeks
in white-tailed deer (Odocoileus virginianus) and pygmy rab-
bits (Brachylagus idahoensis), respectively (Dechen Quinn
et al. 2012; Rachlow et al. 2014). However, these differences
in habituation periods may be related to the study species’ ecol-
ogy, as well as the different capture and handling procedures
and are thus hard to put into perspective here. Another difficulty
in investigating tagging effects by using logged data is that
‘measurement may affect performance’—i.e. the simple act of
having a tag on an animal means there is no control for when it
has no tag at all (cf. Wilson et al. 1986). Only long-term studies
on lifetime reproductive success or survival and/or control ob-
servations of untagged individuals (see Authier et al. 2013)may
deliver answers to that indirectly (Bro et al. 1999; Côté et al.
1998). Indeed, the issue of proper control in studies such as
these is likely to be perennial.
Conclusion
In this study, we emphasize the potential of bio-logged data to
investigate tagging effects on study animals and highlight
awareness of such effects. This is important for animal welfare
and for the development of methods that mitigate tagging
effects, but also for avoiding biased research results.We found
short-term tagging effects only related to activity levels, which
were of low practical relevance due to the small effect size.
The discovery that there were no changes in principal activity
periods, distances moved and LDR indicates that beavers were
active and did not change space use within the territory fol-
lowing tagging. Based on these results, we suggest excluding
data from the capture night from analyses. Ultimately, com-
bined bio-logging with physiological data, as well as long-
term data on life history parameters such as fitness and sur-
vival, should be examined for getting deeper insights into an
animal’s response to tagging events.
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